Four kinds of nitroamine propellants with different RDX contents (10%, 20%, 30% and 40%) were prepared to study the effect of RDX content on the mechanical properties and combustion properties of nitroamine propellant. The mechanical properties and combustion properties of nitroamine propellant at the normal temperature (20 C) and low temperature (À40 C) were test by using impact testing machine, drop hammer impact test machine and closed bomb vessel. The test results show that the impact strength of 30% RDX-contained nitramine propellant is maximum, but 40% RDX-contained nitramine propellant has the minimum impact strength. And the crushing height of propellant with 20% RDX-contained was the highest, but the crushing height of propellant with 40% RDX-contained the lowest. With the increase in RDX content in nitramine propellant, the energy of nitramine propellant increases and its burning rate reduces, but 40% RDX-contained nitramine propellant did not meet this trend at the low temperature because of its poor mechanical properties.
Introduction
High energy and high strength performances are the basic requirements of modern gun propellants, but the traditional propellants have been difficult to meet the requirements. Nitramine propellant was prepared by adding high-energy nitramine particles (RDX, HMX, etc.) to the double-based propellant. Nitramine propellant has received extensive attention and research in recent years because of its excellent thermal properties, such as high energy, low detonation temperature, low average molecular weight of gas [1] . The content and morphology of nitramine particles, such as RDX and HMX, affect the combustion performance of rocket solid propellants [2e4] . Nitramine particles can be found to significantly increase the burning rate of propellants and the particle sizes of nitramine particles. The burning rate of the larger propellant is lower. Also, some researchers have reported the use of nitramine particles in gun propellant [5e8], and found that nitramine particles can improve the gunpowder force of propellants, while propellant containing nitramine particles has a smaller ablation [9] . However, the current research is mainly to study the effect of nitramine particles on the combustion properties of propellant, but there have been a lack of reports on the mechanical properties and combustion performance of nitramine propellant. In the present study, the preparation of nitroamine propellants containing RDX, NC and NG was presented. The effect of RDX content on the mechanical properties and combustion properties of propellant was studied by changing the RDX content.
Experiment

Preparation of RDX-contained nitramine propellants
Four nitroamine propellants with 10%, 20%, 30%, and 40% RDXs were prepared by using same semi-solvent method, and the numbers of propellants were 1 #, 2 #, 3 # and 4 #.
Propellant performance test
The mechanical properties of the propellants were tested by using the simple beam impact testing machine and the drop hammer impact testing machine. The samples of propellants were prepared according to GJB 770B-2005 standard, and the comparative tests at low temperature (À40 C) and room temperature (20 C) were adopted. The impact test sample was 60.0 mm tubular propellant, and the drop hammer impact test sample was 1:1 aspect ratio propellant. The weight of the drop hammer was 2.5 kg.
The combustion performances of propellants were tested by using closed bomb vessel. The volume of closed bomb vessel was 102.85 cm 3 , the charge density of propellant was 0.20 g/cm 3 , the ignition pressure was 10.0 MPa, and the 15/1 propellant was used. The p-t curves of nitroamine propellants were measured, and the up and L-B curves were obtained through data processing.
Result analysis and discussion
Mechanical properties of propellant
The mechanical properties of propellant are very important to the safety of the propellant. The dynamic mechanical properties of the propellants were tested to simulate the process of impact of the propellant in the chamber. The impact strengths of nitroamine propellants with different RDX contents at normal temperature (20 C) and low temperature (À40 C) were tested by using simple beam impact testing machine, and the impact strengths of the samples were calculated, as shown in Table 1 .
For the four nitramine propellants with different RDX contents, the impact strength increases and then decreases with the increase in RDX content. When the content of RDX is 30%, the impact strength of the propellant is 14.08 kJ/m 2 at normal temperature and The low-temperature crushing-falling tests and the statistics of crushing degree of gunpowder at a certain falling height were carried out, and the impact strengths of nitramine propellants with different RDX contents were measured by using the drop hammer test machine.
Drop hammer hit the surface of propellant at a certain height of free fall, and the drop height of propellant was the height at which the breakage probability of propellant is 80e100%, as shown in Table 2 . 4# propellant with the highest RDX content has the lowest crushing height at low-temperature and impact energy per unit area, and the crushing height of 2# propellant with 20% RDXcontained was the highest, the crushing height increases and then decreases with the increase in RDX content. The mechanical properties of 20% RDX-contained nitramine propellant are the best, and the mechanical properties of 40% RDX-contained nitramine propellant are the worst.
Combustion performance of propellant
The combustion properties of RDX nitramine propellants were measured by using closed bomb vessel. The p-t curve was measured, and u-p and L-B curves and the constant-volume combustion parameters of propellants were calculated, as shown in Fig. 1 and Table 3 .
Four nitramine propellants with different RDX contents at room temperature and low temperature, the maximum pressure of combustion increased with increasing RDX content in Table 3 and Fig. 1 . Because the energy of RDX is higher than that of nitrocellulose, the energy of nitramine propellant increases as the RDX content increases. Burning rates of four nitramine propellants were decreased with the increase in RDX content at normal temperature, and the burning rate pressure index was less than 1% of nitramine propellant in Table 3 and Fig. 2 . And at low temperature, the burning rate curve of 40% RDX-contained propellant coincided with that of 30% RDX-contained propellant. The pressure index increases with the increase in RDX content, but 40% RDX-contained propellant deviates from this trend. The results show that the addition of RDX reduces the burning rate of propellant and increases the pressure index of propellant. And the relative gradient value (RQ) of the propellants at low temperature relative to room temperature was calculated from Eq. (1). The calculated results are listed in Table 4 :
The relative gradient values of four different RDX-contained nitroamine propellants are all less than 1, which mean it obey to the normal combustion law at low temperature. The RQ value of 20% RDX-contained nitramine propellant is the smallest, which means that the possibility of abnormal combustion was low at low temperature, and the RQ value of 40% RDX-contained nitramine propellant was the highest.
40% RDX-contained nitramine propellant showed poor mechanical properties at low temperature, its burning rate and burning rate index were abnormal, and the relative gradient of combustion was higher. 20% RDX-contained nitramine propellant had good mechanical properties at low temperature, and its RQ value was low. The results show that the combustion performance of nitramine propellant is related to the mechanical properties. When the mechanical properties of nitramine propellant are poor, the possibility of abnormal combustion is increased at low temperature.
Conclusions
1) The impact strength of nitramine propellant increases first and then decreases with the increase in RDX content. The impact strength of 30% RDX-contained propellant is the biggest. For 20% RDX-contained nitramine propellant, the drop height and the impact energy per unit area of drop hammer test at low temperature were the largest. 2) With the increase in RDX content, the maximum combustion pressure, burning rate and combustion pressure index all increased, However, the burning rate and burning rate pressure index of 40% RDX-contained nitramine propellant deviated from this rule. The combustion performance of nitramine propellant is related to the mechanical properties. When the mechanical properties of nitramine propellant are poor, the possibility of abnormal combustion is increased at low temperature. 
